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用。因此，针对克服 GeTe 实际应用中的缺点，对 GeTe 基相变材料进行的低维
化和掺杂改性是当前研究的热点。本论文采用第一性原理方法系统研究了 Cu 掺
杂对 GeTe 结构稳定性和化学键合及能带结构的影响，研究结果提供了设计优异
性能的 Cu-Ge-Te 合金的理论基础；采用电化学沉积技术探索了 GeTe 薄膜的制
备，研究结果为探索低维 GeTe 纳米薄膜提供了理论指导。 




的掺杂引起了体系明显的晶格畸变；Cu 与周围 3 个 Te 形成离子键，而 Ge 与周
围 6 个 Te 形成共价键。此外，对于两种结构的 Cu 掺杂 GeTe，掺杂量都是有上
限的；且 Ge 空位的存在有利于 Cu 的掺杂，即 Cu 趋向于进入 Ge 空位。从能带
结构看，Cu 取代 Ge 时带隙宽随 Cu 浓度的增大而减小，Cu 填入 Ge 空位时趋势
则相反。带隙的变化与 Cu 3d 电子有关，并将导致合金电学性能的变化。上述研
究结果将提供对 Cu 掺杂 GeTe 的理论理解，对发展新型相变储存材料有一定的
启发。 
其次，采用电化学沉积方法探索了 GeTe 相变薄膜材料的制备。由于 Ge 离
子和 Te 离子的还原电位相差太远，在二元体系中难以实现 GeTe 的共沉积。因
此，本论文采用分步沉积法探索在导电玻璃基片上沉积 GeTe 薄膜。结果表明
Ge 和 Te 的沉积顺序和溶液 pH 值对薄膜的成分和形貌有着显著的影响。初步获
得的薄膜均为多相组织，难以确定 GeTe 的成分。热处理后薄膜质量变差，是由
于电沉积薄膜太薄且质量太差造成的。后续工作应继续探索 GeTe 薄膜的电化学































Phase-change materials have broad application in optical and electrical data 
storage devices. GeTe alloy that is a first discovered prototype phase-change material 
has been commercialized in optical storage device. As an electrical record medium, 
the high power consumption and slow switching speed prohibit the commercial 
applications of GeTe in electrical storage. Thus to overcome these defects of GeTe in 
practical applications, synthesis of thin films and tuning properties by doping become 
current hot topics. This thesis is focused on a theoretical study of the structure and 
properties of Cu doped GeTe phase-change materials by means of first-principle 
calculations. The present results will provide a fundamental understanding to 
designing Cu-Ge-Te alloys of improved performance. Meanwhile, the preparation of 
the GeTe thin films had been explored by using the electrodepositing method, the 
results of which provide a theoretical understanding for exploring low-dimensional 
nano-GeTe film. 
For theoretical calculations, we have investigated the structure and properties of 
Cu doped GeTe, and calculated the formation energies according to various synthesis 
routes. The results show that the influence of the Cu doped positions on the 
metastable GeTe is very small. The cluster of doped Cu is beneficial to the structure 
stability of GeTe, and Cu-Ge-Te alloys exhibit poor toughness. Doping Cu does not 
result in distinct lattice distortion in metastable GeTe but result in obvious lattice 
distortion in stable GeTe. Cu forms three short ionic Cu-Te bonds instead of the 
original six Ge-Te covalent bonds in stable phase GeTe. In addition, there is upper 
limit for the amount of doped Cu in both metastable and stable GeTe. Furthermore, it 















Ge vacancies. The effect of doped Cu on the band gap of GeTe has also been studied. 
The results show that Cu substituting for Ge results in the decrease of band gaps, 
while Cu occupying Ge vacancy positions increases the band gaps. The analysis of 
DOS show that 3d state of Cu results in changes in the states around Fermi Level，
which suggests the changes in electrical properties induced by Cu doping. The 
present results will provide a theoretical understanding on Cu-doped GeTe and may 
be applied to develop new GeTe based phase-change materials.   
For experimental work, we have focused on exploring the preparation of GeTe 
phase-change film materials by means of electrochemical deposition. It is too difficult 
to prepare the GeTe film by means of electrochemical codeposition in Ge-Te binary 
systems due to the large difference in the reduction potentials between Ge and Te ions. 
Therefore, the amorphous thin films of GeTe have been prepared by a two-step 
electrochemical deposition at selected potentials. The results show that the 
composition and morphology of the films were dependent drastically on the 
deposition order and pH values. All the as prepared films were not only consisting of 
several phases, but also are difficult to determine the the composition of GeTe. By 
heat treatment, the quality of the films had been deteriorated. This is because that the 
as prepared films are very thin and have a poor quality. In the future, further detailed 
exploration of the electrochemical preparation process and synthesis mechanism of 
GeTe film as well as simultaneously deposition of Cu-Ge-Te films are necessary. 
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DRAM、SRAM 为代表的易失性存储器和以 FLASH 为代表的非易失性存储器。
应用推动着非易失性存储器的迅猛发展。目前，用于发展非易失性存储设备[2-4]
的相变材料成为研究的热点，它是目前公认的 有前途的相变材料。在非易失性







相变材料大多是由Ⅲ-Ⅵ族的一些元素组成，主要分 Te 基、Se 基和 In-Sb 基
三类。其中 Te 基的研究 为广泛，包括二元合金（如：Ge-Te）和三元合金（如：
































































1.1.2.1 奥弗辛斯基电效应(Stanford R. Ovshinsky) 




相变存储材料应用于 PCRAM 时，相变速度是纳秒级的。图 1.1 是相变存储
单元的热学性能和写、读、擦电压脉冲波形示意图。在相变存储器的实际应用中，
我们将相变存储器从高阻的非晶态到低阻的晶态的过程称为 Set 过程，而将相变
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